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Objective: This study was aimed at prenatal diagnosis of mosaic tetrasomy 9p and reviewing the
literature.
Materials and methods: A 37-year-old woman underwent amniocentesis at 20 weeks’ gestation because
of advanced maternal age and fetal ascites. Cytogenetic analysis of cultured amniocytes revealed 21.4%
(6/28 colonies) mosaicism for a supernumerary i(9p). Repeat amniocentesis was performed at 23 weeks’
gestation. Array comparative genomic hybridization, interphase ﬂuorescence in situ hybridization, and
quantitative ﬂuorescent polymerase chain reaction were applied to uncultured amniocytes, and con-
ventional cytogenetic analysis was applied to cultured amniocytes.
Results: Array comparative genomic hybridization analysis of uncultured amniocytes detected a genomic
gain at 9p24.3e9q21.11. Interphase ﬂuorescence in situ hybridization analysis of uncultured amniocytes
using a 9p24.3-speciﬁc probe RP11-31F19 (spectrum red) showed four red signals in 47.1% (49/104 cells)
in uncultured amniocytes. Cytogenetic analysis of cultured amniocytes revealed a karyotype of
47,XX, þidic(9)(pter/q21.11::q21.11/pter)[4]/46,XX[20] and 16.7% (4/24 colonies) mosaicism for tet-
rasomy 9p. Quantitative ﬂuorescent polymerase chain reaction conﬁrmed a maternal origin of tetrasomy
9p. The pregnancy was terminated, and a malformed fetus was delivered with hydrops fetalis and facial
dysmorphism. The fetal blood cells had 32.5% (13/40 cells) mosaicism for tetrasomy 9p.
Conclusion: Mosaic tetrasomy 9p at amniocentesis can be associated with fetal ascites and hydrops
fetalis. The mosaic level of tetrasomy 9p may decrease after long-term tissue culture in amniocytes in
case of mosaic tetrasomy 9p.
Copyright  2014, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All
rights reserved.Introduction
Tetrasomy 9p, or supernumerary isochromosome 9p [i(9p)], is a
rare chromosome abnormality resulting from a supernumerary
isochromosome 9p that may involve the entire 9p only; the entiref interest to declare.
s and Gynecology, Mackay
Road, Taipei, Taiwan.
).
bstetrics & Gynecology. Published9p with part of the heterochromatic region of 9q; or the entire 9p
with heterochromatic region of 9q and part of the euchromatic
region of 9q [1,2].
Tetrasomy 9p has been characterized by clinical features of in-
trauterine growth restriction (IUGR), developmental delay, ven-
triculomegaly, DandyeWalker malformation, facial dysmorphism
of a bulbous/beaked nose, hypertelorism, micrognathia, ear mal-
formations, and cleft lip/palate, congenital heart defects, hypopla-
sia of the digits and nails, joint dislocations, and urogenital
abnormalities; and the severity of phenotype associated withby Elsevier Taiwan LLC. All rights reserved.
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involved, the degree of mosaicism, and the presence of tissue
mosaicism [1,3e12].
Prenatal diagnosis of mosaic or nonmosaic tetrasomy 9p is un-
common [1,7e10,13e21]. The frequency of prenatally detected
tetrasomy 9p at amniocentesis is estimated to be 0.002% [22]. In a
population-based study of 88,965 amniocenteses, Forabosco et al
[22] found eight cases with isochromosomes including three cases
with i(20q), two cases with i(18p), two cases with i(9p) and one
case with i(12p). Here, we present our experience of prenatal
diagnosis and molecular genetic analysis of mosaic tetrasomy 9p in
a fetus with fetal ascites.
Materials and methods
Clinical description
A 37-year-old, gravida 3, para 1, woman underwent amniocen-
tesis at 20 weeks’ gestation because of advanced maternal age. She
was Rh-positive, and maternal blood thalassemia screening
excluded thalassemia carrier status. Maternal syphilis examination
was negative. She underwent ﬁrst-trimester maternal serum
screening and fetal nuchal translucency screening, and the results
were within the normal limits. The pregnancy was uneventful until
19 weeks’ gestationwhen routine ultrasound examination revealed
fetal ascites. Amniocentesis and aspiration of fetal ascites were
performed at 20 weeks’ gestation. Molecular analyses of congenital
infection using fetal ascites excluded infection with Toxoplasma,
cytomegalovirus and herpes simplex virus. Cytogenetic analysis of
cultured amniocytes revealed 21.4% (6/28) mosaicism for a super-
numerary i(9p). The karyotype was 47,XX,þi(9p)[6]/46,XX [22]
derived from 28 colonies of cultured amniocytes. The woman
requested repeatedamniocentesis at 23weeks gestation. Thenature
of the supernumerary i(9p) was investigated by array comparative
genomic hybridization (aCGH) on uncultured amniocytes. The de-
gree of mosaicism for the supernumerary i(9p) in uncultured
amniocytes was investigated by interphase ﬂuorescence in situ hy-
bridization (FISH). The parental origin of the supernumerary i(9p)
was investigated by quantitative ﬂuorescent polymerase chain re-
action (QF-PCR) assays using uncultured amniocytes. Cytogenetic
analysis of cultured amniocytes was also performed at repeated
amniocentesis. Level II ultrasound at 24 weeks’ gestation revealed
IUGR with fetal biometry equivalent to 22 weeks’ gestation and
hydrops fetalis. The pregnancy was subsequently terminated. The
fetal blood was collected for cytogenetic analysis.
Conventional cytogenetic analysis
Routine cytogenetic analysis by G-banding techniques at the
550 bands of resolutionwas performed. About 20mL amniotic ﬂuid
was collected, and the sample was subjected to in situ amniocyte
culture according to the standard cytogenetic protocol [23].
Parental and fetal blood was collected, and the samples were
subjected to lymphocyte culture according to the standard blood
cytogenetic protocol [24].
Array-CGH
Whole-genome aCGH on the DNA extracted from uncultured
amniocytes was performed using NimbleGen ISCA Plus Cytogenetic
Array (Roche NimbleGen, Madison, WI, USA), according to the
manufacturer’s instructions. The NimbleGen ISCA Plus Cytogenetic
Array has 630,000 probes and a median resolution of 15e20 kb
across the entire genome. The DNA from amniocytes was extracted
ﬁrst. It was done by following the manufacturer’s protocol for theQIAamp DNA Mini kit (Qiagen, Valencia, CA, USA). Then, 0.5 mg of
the extracted DNA was labeled with Cy5 dye compared with an
equivalent amount of normal female genomic DNA (G1521;
Promega) labeled with Cy3 dye to perform aCGH. The experiment
was performed according to the procedures recommended in the
user guide for the Roche NimbleGen ISCA plus Cytogenetic Array.
The data were ﬁnally represented using Nexus 6.1 (BioDiscovery,
Hawthorne, CA, USA).
QF-PCR
QF-PCR analysis was performed by using genomic DNAs
extracted from uncultured amniocytes and parental blood as
described previously [25]. Primers speciﬁcally ﬂanking poly-
morphic markers on chromosome 9p region such as D9S2149
(9p21.1) and D9S303 (9q21.32) were applied to undertake poly-
morphic marker analysis and parental origin determination of the
supernumerary i(9p).
FISH
Interphase FISH analysis was performed on uncultured amnio-
cytes using a 9p24.3-speciﬁc bacterial artiﬁcial chromosome probe
RP11-31F19 (dye: Texas Red) (547,217e692,143) and a control
9q34.3-speciﬁc bacterial artiﬁcial chromosome probe RP11-417A4
(dye: FITC, green) (140,403,320e140,596,187) [hg 19] according to
the standard FISH protocol [26].
Results
Whole-genome aCGH analysis on the DNA extracted from un-
cultured amniocytes detected a 71.03-Mb duplication at 9p24.3e
9q21.11, or arr [hg19] 9p24.3p13.1 (0e40,450,202)  3.4,
9p13.1q21.11 (40,576,977e71,026,063)  3 (Fig. 1). The log2 ratio of
9p24.3p13.1 duplication was 0.799, and the log2 ratio of
9p13.1q21.11 duplication was 0.585. The duplicated region of
9p24.3e9q21.11 contained 632 genes including 151 OMIM genes.
The supernumerary i(9p) involved the entire 9p, the heterochro-
matic region of 9q, and part of 9q21.11 (Fig. 1). Interphase FISH
analysis of 104 uncultured amniocytes using the 9p24.3-speciﬁc
probe (RP11-31F19) (spectrum red) and the 9q34.3-speciﬁc probe
(RP11-417A4) (spectrum green) showed four red signals and two
green signals in 49 uncultured amniocytes, and two red signals and
two green signals in 55 uncultured amniocytes, indicating 47.1%
(49/104 cells) mosaicism for supernumerary i(9p) in uncultured
amniocytes (Fig. 2). Cytogenetic analysis of 24 colonies of cultured
amniocytes revealed four colonies with a supernumerary i(9p) and
20 colonies with a normal female karyotype. The karyotype of
cultured amniocytes was 47,XX,þidic(9)(pter/q21.11::q21.11/p-
ter)[4]/46,XX [20] (Fig. 3). Cytogenetic analysis of 40 cultured
lymphocytes of fetal blood showed a karyotype of
47,XX,þidic(9)(pter/q21.11::q21.11/pter)[13]/46,XX [27]. The
paternal blood had a karyotype of 46,XY. The maternal blood had a
karyotype of 46,XX. QF-PCR analysis on the DNAs extracted from
uncultured amniocytes and parental blood conﬁrmed a maternal
origin of the supernumerary i(9p) (Fig. 4). The parents decided to
terminate the pregnancy. A 722-g female fetus was delivered with
hydrops fetalis, hypertelorism, a bulbous nose, micrognathia, and
low-set ears.
Discussion
Application of molecular cytogenetic techniques on uncultured
amniocytes to detect discrepancy in chromosome mosaicism be-
tween uncultured and cultured amniocytes has been well reported
Fig. 1. Whole-genome array comparative genomic hybridization analysis on uncultured amniocytes shows a 71.03-Mb duplication at 9p24.3eq21.11, or arr [hg19] 9p24.3p13.1 (0e
40,450,202)  3.4, 9p13.1q21.11 (40,576,977e71,026,063)  3. The log2 ratio of 9p24.3p13.1 duplication was 0.799. The log2 ratio of 9p13.1q21.11 duplication was 0.585. (A) Whole
genome view, (B) chromosomal view and (C) zoom-in view. The arrows indicate the duplicated region of chromosome 9.
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shown to be associated with tissue-limited mosaicism with the
supernumerary i(9p) cell line presenting predominantly in the
peripheral blood, but with a low-level mosaicism for the abnormal
cell line or even a normal cell line in the cultures of chorionic villus
sampling, amniotic ﬂuid, or skin [1,11,14,16,30e36]. The present
case provides evidence for the discrepancy in the supernumerary
i(9p) mosaicism level between uncultured and cultured amniocytes
in prenatally detected mosaic tetrasomy 9p. In the present case, thelevels of mosaicism for tetrasomy 9p in cultured amniocytes (ﬁrst
amniocentesis), cultured amniocytes (second amniocentesis), fetal
blood, and uncultured amniocytes (second amniocentesis) were
21.4%, 16.7%, 32.5%, and 47.1%, respectively. The present case shows
that the mosaic level may decrease after long-term tissue culture in
amniotic ﬂuid with mosaic tetrasomy 9p. The present case also
suggests that uncultured amniocytes can be a useful tool for
conﬁrmation of the presence of a true fetal mosaicism, and a cor-
relation of high-level tetrasomy 9p mosaicism of uncultured
Fig. 2. Interphase ﬂuorescence in situ hybridization analysis on uncultured amniocytes using the 9p24.3-speciﬁc probe RP11-31F19 (spectrum red) and the 9q34.3-speciﬁc probe
RP11-417A4 (spectrum green) shows (A) two red signals and two green signals in a normal uncultured amniocyte and (B) four red signals (arrows) and two green signals in an
abnormal uncultured amniocyte with tetrasomy 9p.
Fig. 3. A karyotype of 47,XX,+idic(9)(pter/q21.11::q21.11/pter).
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with prenatally detected mosaic tetrasomy 9p.
To date, at least 14 cases of prenatally detected mosaic (three
cases) and nonmosaic (11 cases) tetrasomy 9p have been reported
(Table 1). All of the 11 reported cases with nonmosaic tetrasomy 9p
were associated with severe phenotypic abnormalities. Our case
adds to the list of prenatal diagnosis of mosaic tetrasomy 9p with
fetal abnormalities. Prenatal diagnosis of mosaic tetrasomy 9p is
rare [1,7,8], and all of the three reported cases with mosaic tetras-
omy 9p were associated with dysmorphism and abnormalities.
Table 1 shows that the male: female sex ratio for tetrasomy 9p is 1
(7 male/7 female), indicating no sex preponderance in tetrasomy
9p. Table 1 also shows that fetuses with tetrasomy 9p may present
increased nuchal translucency in the ﬁrst trimester [19,20] and
cystic hygroma in the second trimester [19]. Our case additionally
shows that fetal ascites and hydrops fetalis can be a prenatal featureassociated with mosaic tetrasomy 9p. Table 1 shows that prenatal
ultrasound abnormalities associated with mosaic or nonmosaic
tetrasomy 9p include polyhydramnios, oligoydramnios, IUGR,
DandyeWalker variant or malformation, ventriculomegaly, skeletal
abnormalities, cleft lip and palate, hydronephrosis, and congenital
heart defects. In a review of 19 fetuses with tetrasomy 9p,
Nakamura-Pereira et al [20] summarized that the major prenatal
ultrasound ﬁndings are as follows: IUGR (58%), ventriculomegaly
(58%), genitourinary anomaly (47%), hypoplastic/absent vermis
(42%), cleft lip and palate (42%), limb malformations (42%), cardiac
anomaly (26%), and polyhydramnios (21%). Our case presented no
major structural abnormalities but only fetal ascites and hydrops
fetalis.
The present case shows the advantages of application of aCGH
and QF-PCR on uncultured amniocytes for rapid detection of the
presence of high-level mosaicism for tetrasomy 9p. In the present
Fig. 4. Representative electrophoretogram of quantitative ﬂuorescent polymerase
chain reaction analysis at short tandem repeat markers speciﬁc for chromosome 9. The
marker D9S2149 (9p21.1) shows two different parental alleles with a 3:1 (maternal:
paternal) gene dosage increase in the maternal allele, indicating a maternal origin of
the supernumerary isochromosome 9p.
Table 1
Reported cases of mosaic or nonmosaic tetrasomy 9p detected by amniocentesis, cordoc
Authors Cases Indication Prenatal diagnosis Conﬁr










þi(9p) ¼ 100% (25 cells)
Skin:




þi(9p) ¼ 100% (22 cells)
No
Dhandha et al [7]







Case 2 47,XX,þi(9p)/46,XX AMA, Abnormal
ultrasound
Amniocentesis:
þi(9p) ¼ 96.3% (27 colonies)
No
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the supernumerary i(9p), and the use of QF-PCR established the
maternal origin of the supernumerary i(9p). Dutly et al [5] sug-
gested that the supernumerary i(9p) is predominantly caused by
maternal meiosis II non-disjunction followed by rearrangements
leading to duplication of 9p and loss of 9q. The QF-PCR result in our
case is consistent with the previous reports that the supernumerary
i(9p) originates from the maternal chromosome 9 [1,8]. Prenatal
diagnosis by chorionic villus sampling using cultured chorionic
villous cells or by amniocentesis using cultured amniocytes may
obtain a false negative result in pregnancies with fetal mosaic tet-
rasomy 9p, because of tissue-limited mosaicism, and a selective
disadvantage for the abnormal cell line with the supernumerary
i(9p) during cell culture [11,34e36]. For example, Grass et al [34]
reported 75% mosaicism for tetrasomy 9p in blood cells in a boy
with mild manifestations but a normal karyotype of 46,XY at cho-
rionic villus sampling. Eggermann et al [35] reported 32% mosai-
cism for tetrasomy 9p in blood cells in a girl with multiple
abnormalities but a normal karyotype of 46,XX at amniocentesis. In
this regard, application of molecular cytogenetic techniques such as
aCGH, QF-PCR, and interphase FISH on uncultured amniocytes is
practical for conﬁrmation and diagnosis of mosaic tetrasomy 9p at
repeated amniocentesis. Chen et al [1] have suggested that fetal
blood sampling is valuable for prenatal conﬁrmation of low-level
mosaic tetrasomy 9p detected prenatally by amniocentesis. She-
hab et al [36] have suggested that tetrasomy 9p is well tolerated in
lymphocytes, and the supernumerary i(9p) is often found in all or a
high frequency of blood cells. Our ﬁnding of 32.5% mosaicism for
tetrasomy 9p in cultured fetal blood lymphocytes is in accordance
with the previous observations. Our study provides evidence for
the nature of decrease in mosaic level of mosaic tetrasomy 9p inentesis, or chorionic villus sampling.
matory studies Outcome and phenotype
Ultrasound: ventriculomegaly, agenesis of
the corpus callosum, an enlarged cisterna
magna. TOP; abnormal fetus: facial
dysmorphism, neck edema, cleft lip
and palate.
þi(9p) ¼ 100% (25 cells) Ultrasound: IUGR, severe oligohydramnios,
absent kidneys and bladder, hydrocephalus.
Delivery at 34 wk, 1510 g, neonatal death,
facial dysmorphism, bilateral cleft lip and
palate, multiple joint deformities, micropenis,
cryptorchidism, lissencephaly, agenesis of the
corpus callosum.
Ultrasound: hydrocephalus, bilateral cleft lip
and palate, complex cardiac defect, bilateral
hydronephrosis, complex limb malformation.
TOP; abnormal fetus: facial dysmorphism,
hypoplastic penis and scrotum, single
umbilical artery, DORV, VSD, hypoplastic
bilateral ventricle.
lood: þi(9p) ¼ 100%
þi(9p) ¼ 100%
ta: þi(9p) ¼ 100%
Ultrasound: IUGR, cleft lip, ventriculomegaly,
DandyeWalker variant, neonatal death, facial
dysmorphism, bilateral cleft lip and palate,
elbow ﬂexion contractures, knee hyperextension,
abnormal digits, congenital heart defects.
Ultrasound: bilateral cleft lip, hypoplastic left
ventricle, VSD, echogenic kidneys, short hands
and ﬁngers. Delivery at 37 w, 1805 g, facial
dysmorphism, short digits, clinodactyly,
congenital heart defects.
(continued on next page)
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Authors Cases Indication Prenatal diagnosis Conﬁrmatory studies Outcome and phenotype








þi(9p) ¼ 75.3% (89 cells)
Polymorphic DNA markers:
maternal origin of þi(9p)
Ultrasound: IUGR, ventriculomegaly. Delivery
at 39 w, trigonocephaly, left eye enophthalmos,
facial dysmorphism, bilateral hydronephrosis,
mega cisterna magna, hydrocephalus,
psychomotor developmental delay at age 4 y.
Deurloo et al [9]
47,XX,þi(9p) AMA, Abnormal
ultrasound
CVS: þi(9p) ¼ 100%
Amniocentesis:
þi(9p) ¼ 100%
No Ultrasound: DandyeWalker malformation,
ventriculomegaly, dilation of renal pelves.
TOP; abnormal fetus: facial dysmorphism.
Hengstschläger et al [10]
47,XY,þi(9p) Abnormal
ultrasound
CVS: þi(9p) ¼ 100%
Amniocentesis:
þi(9p) ¼ 100%
No Ultrasound: abnormal head, DandyeWalker
malformation, clubfeet, polyhydramnios,
facial dysmorphism, left rotated heart, VSD,
an overriding aorta. TOP; abnormal fetus.




þi(9p) ¼ 100% (20 cells)
Blood: þi(9p) ¼ 95% (20 cells)
Cord: þi(9p) ¼ 85% (20 cells)
Ultrasound: abnormal skull, ventriculomegaly,
clubfeet, cleft lip and palate. Delivery at 35 w,
1730 g, DandyeWalker variant, agenesis of
the corpus callosum, horseshoe kidney.
Chen et al [1]
47,XX,þi(9p)/46,XX AMA Amniocentesis:
þi(9p) ¼ 20% (20 colonies)
Retap:
þi(9p) ¼ 16.7% (24 colonies)
Skin: þi(9p) ¼ 0% (40 cells)
Lung: þi(9p) ¼ 0% (40 cells)
Cord blood: þi(9p) ¼ 48% (40 cells)
Polymorphic DNA markers:
maternal origin of þi(9p)
TOP; abnormal fetus: facial dysmorphism.




þi(9p) ¼ 100% (30 cells)
No Ultrasound: IUGR, polyhydramnios, cleft lip
and palate, facial dysmorphism. TOP; abnormal
fetus: hypoplastic nails, clinodactyly, clubfeet.






No Ultrasound: increased NT in the ﬁrst trimester,
oligohydramnios, DandyeWalker malformation,
IUGR, micromelia, brachydactyly, rocker-bottom
feet, horseshoe kidney, AVSD, bilateral cleft lip
and palate, cystic hygroma, ventriculomegaly.
TOP; abnormal fetus: rombencephalosynapsis.





þi(9p) ¼ 100% (50 cells)
No Ultrasound: increased NT (2.9 mm) in the ﬁrst
trimester, subcutaneous edema, clubfeet,
hyperechoic kidneys, bilateral pelvic dilation,
DandyeWalker malformation, retrognatism,
cleft lip and palate, arthrogryposis. Delivery
at 30 w, 1120 g, facial dysmorphism,
cryptorchidism, micropenis, neonatal death.
Podolsky et al [21]
47,þi(9p) AMA, Abnormal
ultrasound





þi(9p) ¼ 21.4% (28 colonies)
Retap:
þi(9p) ¼ 16.7% (24 colonies)
Interphase FISH on
uncultured amniocytes:








þi(9p) ¼ 32.5% (40 cells)
Ultrasound: fetal ascites, hydrops fetalis,
IUGR. TOP; abnormal fetus: facial dysmorphism.
i(9p) ¼ isochromosome 9p; aCGH ¼ array comparative genomic hybridization; AMA ¼ advanced maternal age; AVSD ¼ atrioventricular septal defect; CVS ¼ chorionic villus
sampling; DORV ¼ double outlet of the right ventricle; FISH ¼ ﬂuorescence in situ hybridization; IUGR ¼ intrauterine growth restriction; NT ¼ nuchal translucency; QF-
PCR ¼ quantitative ﬂuorescent polymerase chain reaction; TOP ¼ termination of pregnancy; VSD ¼ ventricular septal defect.
C.-P. Chen et al. / Taiwanese Journal of Obstetrics & Gynecology 53 (2014) 79e8584cultured amniocytes after long-term culture, and may explain the
previous observations of possible false-negative diagnosis of
mosaic tetrasomy 9p by amniocentesis or chorionic villus sampling.
Recently, aCGH application on uncultured amniocytes for rapid
diagnosis of aneuploidy has been possible, and it may have the
advantage of detection of mosaic tetrasomy 9p without the inﬂu-
ence of long-term culture effect on amniocytes.In summary, we report prenatal diagnosis andmolecular genetic
analysis of mosaic tetrasomy 9p at amniocentesis associated with
fetal ascites and hydrops fetalis. We have observed discrepancy of
the mosaic levels between uncultured and cultured amniocytes,
and suggest that the mosaic level of tetrasomy 9p may decrease
after long-term tissue culture in amniocytes in case of mosaic tet-
rasomy 9p.
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